Summary. Six adult Soay rams were housed under artificial lighting conditions, with alternating 16-week periods of long (16 h light : 8 h darkness) and short days (8L: 16D). During long days the rams were reproductively quiescent : the abrupt change from long to short days induced a specific succession of responses in the reproductive system. Plasma LH and FSH levels began to increase after 2\p=n-\4 weeks, followed almost immediately by a rise in plasma testosterone levels accompanied by growth of the testes. Testicular activity continued to increase during short days and the greatly elevated androgen levels apparent after 5\p=n-\10weeks caused changes in the peripheral target organs, including growth of the epididymides, development of the sexual flush on the exposed ventral skin and heightened genital sensitivity. High testosterone levels were also associated with an increase in aggressive (scored by a mechanical device) and sexual (incidence of Flehmen) behaviour which was at peak about 1 month after the start of the peak androgen levels. The change to long days was associated with a decrease in plasma gonadotrophin levels within 2 weeks followed by a progressive decline in all reproductive parameters measured. Implantation of a low dose of testosterone (200 mg) during the period of reproductive quiescence induced the development of the sexual flush and an increase in genital tactile sensitivity, although behaviour was not significantly affected.
Introduction
Photoperiod is the principal environmental cue which times the reproductive cycle of the domestic ram (Ovis artes) : decreasing daylength stimulates reproductive activity and in northern temperate climates, therefore, rams exhibit peak sexual activity in the autumn (Marshall, 1937; Yeates, 1947; Ortavant, Mauléon & Thibault, 1964) . The changes in photoperiod affect reproductive physiology by influencing the release of gonadotrophins from the anterior pituitary. Decreases in daylength stimulate both synthesis and release of LH and FSH (Pelletier & Ortavant, 1964 ,1975 , resulting in enhanced spermatogenesis and testosterone production by the testis (Ortavant, 1956; Lincoln, 1976) . The increased androgen secretion in turn stimulates the accessory glands of reproduction (Amir & Volcani, 1965) and affects aggressive and sexual behaviour (Lees, 1965) .
Responses to alterations in photoperiod occur fairly rapidly in the pituitary but are more delayed peripherally. For example, the pituitary gonadotrophin content may be affected within 2 days of an abrupt change in photoperiod (Pelletier & Ortavant, 1964) , although it takes weeks of altered photo¬ period to affect behaviour (Moule, 1950) . These differences in the timing of responses are to be expected because they represent changes at different levels in the hierarchy of control which involves hypothalamus, pituitary, testis, peripheral target tissues and behaviour. 
Materials and Methods
Animals. Soay rams were used because they exhibit pronounced seasonal changes in reproductive physiology (Lincoln, 1976) and behaviour (Grubb & Jewell, 1973 weekly the shortest diameter of the testes was measured using callipers held across the gonad within the scrotum. On these occasions the cauda epididymidis was palpated, and its size estimated using callipers. The diameter of the free end of the penis sheath was also measured. The bare skin on the abdomen immediately anterior to the scrotum, and on the inside of the hind legs was inspected for signs of hyperaemia ; reddening of the skin only occurred in the sexually active rams and was rated on an intensity scale of 0-5 using a colour code. The tactile sensitivity of the skin in the area of the testes was recorded by observing the animal's response to gentle manipulation of the scrotum close to the shaft of the penis ; in the sexually active rams this resulted in the penis sheath being rapidly flicked back and forth, sometimes leading to an erection. The response was rated on an arbitrary scale of 0-5. All these observations were made by the same observer.
An index of aggressive behaviour of the rams was obtained by using mechanical counters posi¬ tioned inside each animal's pen. The device consists of a mobile percussion bar fixed about 0-5 m above the ground and alongside the railing of the adjacent animal's pen; some pens had two such bars. One end of the bar was fixed to a pivot while the other was free to swing against a tally counter anchored in position. Counts were recorded when the bars were knocked out of the resting position by rams attempting to fight their neighbours. Observations lasting for 15 h from a hide in the animal house showed that over 80 % of the counts recorded resulted from such interactions, and this be¬ haviour was closely correlated with other aggressive actions such as pawing at the bedding with the fore-feet, lateral presentation of the body to the opponent, and tooth grinding.
Throughout the study notes were taken of other aspects of behaviour, including pawing the bedding into a heap away from a neighbour, and threatening behaviour towards the observer. At no stage did the rams have contact with ewes ; the only aspect of sexual behaviour recorded from the animals was the occurrence of Flehmen (Hafez, Cairns, Hulet & Scott, 1969) .
At the end of the study two of the rams were given implants of heat-fused crystalline testosterone (2 100 mg : Organon) placed subcutaneously on the inside of the thigh of the hind leg. Observations on these animals were continued for a further 2 months. Radioimmunoassay s. Plasma LH levels were determined by a specific double-antibody radio¬ immunoassay (Scaramuzzi, Caldwell & Moor, 1970 ) using an antiserum against ovine LH (NIH-LH-S12) raised in a rabbit (Martensz, Baird, Scaramuzzi & Van Look, 1976 ) and a Reichert pre¬ paration of ovine LH (LER 137A) for iodination. The inter-and intra-assay variation was 12% and 8-1 %, respectively. The sensitivity was 0-05-0-075 ng/tube. FSH levels were measured by a heterologous radioimmunoassay (Lincoln, Peet & Cunningham, 1977) using an antiserum against ovine FSH (NIH-FSH-S9) raised in a rabbit, and a rat FSH preparation (NIH-Rat FSH-13) for iodination. The assay had a significant but low cross-reaction with ovine LH (8-5 % NIH-LH-S14) and minimal cross-reactions with ovine TSH (<2-0% NIH-TSH-S8), ovine prolactin (<001 % NIH-P-S9) and ovine growth hormone (<0-l% NIH-GH-11). The intra-assay variation was 3-4%. Testosterone determinations were by the specific radioimmunoassay of Corker & Davidson (1977) ; the inter-and intra-assay variation was 11-5% and <6 %, respectively, and the sensitivity was 8 pg/tube.
Results
The results for one of the rams (S2) are shown in Text- fig. 1 fig. 4 . These rams were sexually quiescent in the spring, but reproductive activity began in June with an increase in gonadotrophin levels and growth of the testes. Full testicular size and maximum plasma testosterone levels occurred by October. The sex flush was most conspicuous in September, while aggressive behaviour amongst the rams became progressively more evident from August, reaching a peak in November. Flehmen was also frequent in November, and the rams often attempted to escape from their paddock to join ewes. During the autumn mating period, gonadotrophin levels began to decrease and a further decline to low levels in the winter led to testicular involution. Aggres¬ sive and sexual behaviour of the rams declined slowly through the winter. 
Discussion
The artificial light regimen used in the present study induced a cycle of changes in the reproductive system of the rams similar to that which occurs naturally in relation to season. The change from long to short days stimulated pituitary secretion of LH and FSH, while that from short to long days had the reverse effect. This experimental evidence supports the view that photoperiod plays a dual role in influencing the seasonal sexual cycle of the ram, stimulating or suppressing activity according to the time of year.
When rams are reproductively quiescent because of the long days, an abrupt transfer to short days induces a specific sequence of responses (Table 1) ; gonadotrophin levels increase within a few weeks leading to testicular growth and increased testosterone secretion. As a consequence the androgen target tissues are stimulated and sexual and aggressive behaviour are affected. The present results confirm that changes at the level of the central nervous system and pituitary can occur rapidly in response to changes in photoperiod, while more peripheral responses are delayed: full sexual activity was not restored for 4-5 months in spite of the initial fairly rapid response to the stimulus of short days.
The artificial light regimen used in this study involved a light change every 4 months and peak sexual activity therefore occurred early in the period of long days. The long interval required to achieve full sexual development meant that there was a limit to the extent to which the seasonal sexual cycle could be accelerated by the artificial light schedule. The 8-month light cycle used in the present study was adopted since it was the shortest period during which complete sexual development followed by regression could be achieved. Under natural conditions in the Northern hemisphere the longest day of the year occurs at the summer solstice (midsummer day = 22 June); before this date daylength is gradually increasing and afterwards it is decreasing. Rams living under natural conditions reach peak sexual activity 4-5 months after the summer solstice. This is the same interval as that observed in the experimental rams and suggests that the nature of the light change (gradual or abrupt) does not grossly affect the timing of the sequence of events.
One of the intriguing features of the natural cycle of the ram is that the developmental changes before the mating season tend to begin slightly before the summer solstice when daylength is long and increasing (Text- fig. 4 ). This apparent contradiction of the role of light in stimulating reproductive activity may be explained, however, by the fact that gonadotrophin secretion will begin to increase again without apparent cause in rams maintained on constant long days for a prolonged period. As has been shown in the present study, the initial effect of long days after short days is to suppress gonadotrophin secretion to low levels for 2-3 months. After this, the animals begin to recover from the suppressive influence of light and plasma gonadotrophin levels start to increase (Lincoln et al, 1977) . In the same way as the suppressive effects of long days appear to fade after a few months, so also do the stimulatory effects of short days. In the experimental rams gonadotrophin levels began to decline after 2-3 months of short days even though the stimulatory photoperiods were maintained. This is similar to the situation which occurs before the winter solstice in rams kept in natural daylength.
Apart from the spontaneous changes in gonadotrophic activity, some explanation must be found for the existence of spontaneous cycles of testicular activity which occur in constant photoperiods. In some seasonally breeding animals testicular cycles of approximately 1 year in duration occur in the absence of photoperiodic cues (Goss & Rosen, 1973 ; Gwinner, 1975 ; Pengelley & Asmundson, 1974; Berthold, 1974; Michael & Bonsall, 1977) . Such changes are difficult to explain in terms of awaxing and waning sensitivity to photoperiod and other explanations, e.g. cyclic changes in the sensitivity to androgen feedback at the hypothalamic levels related to a slowly changing level of circulating androgens, must be sought. Limited data on Soay sheep indicate that spontaneous reproductive cycles can also occur in this species, and it may therefore be necessary to envisage the role of the photoperiod in sheep as being to control the time of the sexual cycle rather than the cause of it. In natural conditions with a seasonally changing photoperiod, the stimulatory (autumn) and inhibitory (spring) effects of daylength described above would operate to entrain the cycle to the changes in the environment.
